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Abstract 
After formulating the gel with the appropriate gel base for the intended use, the efficacy of the gel is evaluated 

for each therapeutic purpose, namely anticancer, antimicrobial, antifungal, antiviral, antihyperglycemic, 

analgesic, anti-inflammatory, anti-Plasmodal and antiparasitic effects. To determine the concentration 

Optimization of each terpenoid in the gel for maximum therapeutic benefit, in vitro permeation release by 

permeation chamber to use a suitable permeation chamber or diffusion cell to study the permeation of terpenoids 

from the gel through a membrane that mimics skin or affected tissue, Sampling by taking samples at 

predetermined time intervals to measure the amount of terpenoids that have permeated the membrane Analysis 

by sampling using appropriate techniques such as high performance liquid chromatography (HPLC) or gas 

chromatography (GC) to quantify the permeated terpenoids optimization of the gel formulation by adjusting the 

gel formulation based on the results of in vitro permeation studies to increase the penetration and delivery of 

terpenoids to the target tissue. Safety and toxicity testing by conducting safety and toxicity studies to ensure the 

gel is safe to use. This may include cytotoxicity testing, skin irritation tests and other relevant evaluations, final 

product development by optimizing the gel formulation and safety after validation, with the aim of developing 

the final product for commercial use, regulatory compliance by ensuring that the gel formulation meets 

regulatory requirements for pharmaceutical or cosmetic products, depending on their intended use. 
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I. Introduction 
Terpenoids constitute the largest class of 

natural products derived from isoprene (C5) units 

joined head-to-tail or tail-to-head, among other 

possibilities. They are classified as hemiterpenes 

(C5), monoterpenes (C10), sesquiterpenes (C15), 

diterpenes (C20), sesterpenes (C25), triterpenes 

(C30), tetraterpenes (C40), and polyterpenes 

(>C40). They can be found in numerous living 

organisms, especially plants, fungi, and marine 

animals. Terpenoids are of great interest due to the 

broad range of biological activities reported such as 

cancer preventive effects and analgesic, anti-

inflammatory, antimicrobial, antifungal, antiviral, 

and antiparasitic activities. Terpenoids are a diverse 

group of natural compounds found in various plants 

and organisms, and they have been studied for a 

wide range of potential therapeutic properties. 

While terpenoids may exhibit some of the 

mentioned activities, it's important to note that the 

effects can vary based on the specific type of 

terpenoid and the context in which they are used. 

Here's a general overview of terpenoids' potential 

actions in the areas mentioned: 

Anti-Cancer: Some terpenoids, such as 

paclitaxel and camptothecin, have demonstrated 

anticancer properties by inhibiting cell proliferation 

or inducing apoptosis in cancer cells. They may be 

used in cancer chemotherapy. Anti-Microbial: 

Terpenoids, like essential oils rich in terpenes, can 

have antimicrobial properties. For instance, tea tree 

oil (rich in terpenes) is known for its antibacterial 

and antifungal effects. Anti-Fungal: Terpenoids 

have been studied for their antifungal properties, 

particularly in essential oils. Compounds like 

terpinen-4-ol and α-terpineol in tea tree oil have 

antifungal activity. Anti-Viral: Some terpenoids 

have shown antiviral potential. For example, 

certain terpenes from essential oils may inhibit the 

replication of viruses, although their efficacy can 

vary by virus type. Anti-Hyperglycemic: Some 

terpenoids, such as pinene and limonene, have 
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demonstrated potential in reducing blood glucose 

levels. They may work by improving insulin 

sensitivity or influencing glucose metabolism. 

Analgesic: Terpenoids found in essential oils, like 

menthol and camphor, are known for their 

analgesic effects. They can provide pain relief by 

acting on sensory receptors in the skin. Anti-

Inflammatory: Terpenoids, such as β-caryophyllene 

and α-pinene, have anti-inflammatory properties 

and can modulate inflammation through various 

mechanisms, including interaction with 

cannabinoid receptors. Anti-Plasmodial: Some 

terpenoids from plants have been investigated for 

their potential against Plasmodium parasites 

responsible for malaria. They may inhibit parasite 

growth or maturation. Anti-Parasitic: Terpenoids 

can have antiparasitic effects against various 

parasites, including protozoa and helminths. They 

may disrupt parasite membranes, inhibit enzymes, 

or interfere with their life cycles. 

It's important to note that the effectiveness 

of terpenoids in these areas can vary depending on 

factors such as the specific terpenoid compound, its 

concentration, the formulation used, and the type of 

parasite, microorganism, or cancer cells involved. 

Additionally, more research and clinical trials are 

needed to establish the safety and efficacy of 

terpenoids for specific therapeutic purposes. 

Always to consult with healthcare professionals or 

experts in the field for guidance on using 

terpenoids for health-related purposes for gel 

formulation. 

 

2.1. Definition 

Terpenes are naturally synthesized 

compounds from plants and animals of isoprene 

unit with five carbon atoms bonded to eight 

hydrogen atoms (C5H8). In plant essential oils 

terpenoids are one type of unsaturated 

hydrocarbons. Different types of terpenes were 

consisting of variable number of isoprene units in 

their chemical structure such as two isoprene units 

in monoterpenes (C10H16), three isoprene units in 

diterpenes (C20H32), four isoprene units in 

triterpenes (C30H48) , six isoprene units in 

tetraterpenes (C40H64). 

 

2.2. Biological Sources of Terpenes 

Table No.1. Plant with terpenoids 

Class Plant origin 

Monoterpenes Mentha genus, Cannabis spp. 

Sesquiterpenes Artemisia annua L., Thapsia garganica . 

Diterpenes Taxus brevifolia, Ricinus communis, Euphorbia peplus. 

Triterpenes Azadirachta indica, Khaya grandifolia, Trichilia emetic, Citrus 

reticulate. 

Tetraterpenes Mauritia flexuosa, Brassica oleracea, Crocus sativum L. 

 

Table No.2. Insects with terpenes and terpenoids 

Class Insect origin 

Monoterpene Philonthus politus, Zygaena filipendulae, Ips pini 

Sesquiterpene Harmonia axyridis, Murgantia histrionica, Myzus 

persicae 

 

Table No.3. Fungi with terpenes and terpenoids 

Class. Fungal origin. 

Monoterpenes Aspergillus versicolor, Eutypella scoparia, Gelliodes carnosa, 

Trichoderma asperellum, Thielavia hyalocarpa, Aeromonas 

hydrophilia, Vibrio anguillarum. 

Sesquiterpenes Aspergillus fumigatus, Pterocladiella capillacea, Cochliobolus lunatus, 

Paraconiothyrium sporulosum, Penicillium griseofulvum, 

Pseudallescheria apiosperma. 

Diterpenes Acremonium striatisporum, Aspergillus wentii, Curvularia hawaiiensis, 

Penicillium commune, Talaromyces. 

purpurogenus, Trichoderma harzianum. 

Triterpenes Auxarthron reticulatum. 
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Table No.4. Bacteria with terpenes and terpenoids 

Class. Bacterial origin. 

Sesquiterpenoids Streptomyces strain M491 

Diterpenoids Streptomyces strain CNB-982, Streptomyces sioyaensis, 

Verrucosispora gifhornensis YM28–088. 

Meroterpenoids Actinomycete isolates CNH- 099. Erythrobacter sp. strain 

SNB- 035, Saccharomonos 

pora sp. CNQ- 490 .7.3 

 

2.3. Classification of Terpenes 

Terpenes 

Chemical Type Therapeutic Type Colorful Pigmented Terpenes 

Hemiterpene Antimicrobial Tetraterpene is one type of beta carotene 

found in carrots (Yellow color). 

Monoterpene Antifungal  

Sesquiterpene Anticancer  

Diterpenes Antiviral  

Triterpenes Antihyperglycemic  

Tetraterpenes Analgesic  

Polyterpenes Anti-inflammatory  

 Anti-parasitic  

 Anti-Dementia  

 Anti-cholinergic  

 Anti-herbivore  

 

2.4. Chemical Structures of Terpenes 

5-Carbon Molecule is terpenes that have general formula (C5H8)n, chemical classification of terpenoids are 

subclassified based on the number of rings in the structure. 

 

Type of terpenes Type of structure 

Acyclic Terpens Open Structure 

Monocyclic Terpenes One ring in the structure 

Tricyclic Terpenes Three rings in the structure 

Tetraccyclic Terpenes Four rings in the structure 

 

2.5. General Properties of Terpenoids 

Terpenoids are colourless, fragrant liquids, lighter 

than water and volatile with steam. Some are solids 

e.g. camphor. Terpenoids are dissolved in organic 

solvent and commonly insoluble in water with 

optical property.  

Terpenoids are open chain or cyclic unsaturated 

compounds with one or more double bonds. As a 

result they go to addition reaction with hydrogen, 

halogen, acids, etc. with antiseptic features.  

Terpenoids are involved into polymerization and 

dehydrogenation reaction. 

Terpenoids are suitably oxidized closely by all the 

oxidizing substances. On thermal decomposition, 

the terpenoids synthesized isoprene as one of the 

product. 

 

2.6. Structural Elucidation of Terpenoids 
Terpenoids were elucidated through several 

methods: 

Molecular Formula Determination: The Molecular 

Formula of a Terpenoid can be established through 

Standard Quantitative Analysis, Molecular Weight 

Determination Techniques, and Mass Spectrometry. 

In the case of Optically Active Terpenoids, their 

specific rotation can also be measured. 

Nature of Oxygen Atom: Terpenoids may contain 

Oxygen Atoms, and these Atoms typically exist as 

functional groups such as Alcohols, Aldehydes, 

Ketones, or Carboxylic Groups. 

Detection Of Oxygen Atom: The Presence of an -Oh 

Group in a Terpenoid can be Identified by reactions 

such as the formation of Acetates, when treated with 

Acetic Anhydride or Benzoylates, reacted with 3,5-

Dinitrobenzoyl Chloride. 

Presence of >C=O group: Terpenoids containing 

carbonyl function form crystalline addition products 

like oxime, phenyl hydrazone and bisulphite etc. 

Unsaturation: The presence of olefinic double bond 

is confirmed by means of bromine, and number of 

double bond determination by analysis of the 
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bromide or by quantitative hydrogenation or by 

titration with monoperpthalic acid. Presence of 

double bond are also confirmed by means of 

catalytic hydrogenation or addition of halogen acids. 

Number of moles of HX absorbed by one molecule 

is equal to number of double bonds present. 

 

2.7. Therapeutic importance of Terpenes 
Terpenes are organic compounds found in various 

plants and natural sources with various therapeutic 

and medicinal effects.  

Anti-Inflammatory Effects: Many terpenes, such as 

beta-caryophyllene and myrcene, exhibit anti-

inflammatory effects inhibiting inflammation, to be 

important in playing role in conditions like arthritis 

and other inflammatory disorders. 

Pain Relief: Terpenes like beta-caryophyllene and 

linalool have an analgesic (pain-relieving) actions 

which is beneficial for alleviating pain associated 

with various medical situations. 

Antioxidant Activity: Terpenes, with limonene and 

alpha-pinene, having antioxidant actions makes free 

cells from damage caused by free radicals taking 

part to chronic diseases and aging. 

Anxiety and Stress Reduction: Terpenes like 

myrcene and linalool have been associated with 

anxiolytic (anxiety-reducing) and sedative actions in 

reducing anxiety and stress, enhancing relaxation 

and better sleep. 

Antimicrobial Properties: Some terpenes, such as 

terpinolene and thymol, have explained 

antimicrobial actions defeating bacterial and fungal 

infections. 

Anticancer Potential: Research says that certain 

terpenes may have anticancer actions like beta-

caryophyllene in inhibiting the growth of cancer 

cells. 

Improving Respiratory Health: Terpenes like 

eucalyptol have mucolytic actions in clearing mucus 

and easing respiratory infections, like bronchitis and 

asthma. 

Neuroprotective Effects: Terpenes such as alpha-

pinene and limonene have expressed 

neuroprotective actions in beneficial in the treatment 

of neurodegenerative disorders like Alzheimer's and 

Parkinson's. 

Enhancing Memory and Cognitive Function: Some 

terpenes, like pinene, may have memory-enhancing 

properties with potential cognitive function and 

alertness. 

Aromatherapy: Terpenes are widely used in 

aromatherapy for pleasant and therapeutic aromas 

by evoking specific emotions and sensations, 

improving overall well-being. 

Terpenes often work in synergy with other 

compounds found in plants, like cannabinoids in the 

case of cannabis planning the combination of 

various compounds, including terpenes, enhancing 

the therapeutic usefulness of these natural products.  

Research into the therapeutic purpose of terpenes is 

ongoing, and their applications in traditional and 

alternative medicine continue for consulting with a 

healthcare professional before applying terpenes or 

terpene-rich substances for specific medical 

situations to ensure their safety and effectiveness. 

 

III. Method 
Development of a gel with terpenoids and 

evaluation by its in vitro permeation, the following 

steps can be done: 

Terpenoid selection for gel formulation: to 

select definite terpenoids with scientifically desired 

therapeutic actions for different medicinal actions 

based on the application of the intended use and 

specific therapeutic or functional activities. Based 

on the different factors namely aroma and flavor:  

the characteristic smells and tastes of many plants 

and fruits for use in perfumes, aromatherapy, or 

flavouring, therapeutic properties: associated with 

various health benefits like potential anti-

inflammatory and mood-enhancing properties, 

solubility: terpenoids may be soluble in water, 

alcohol, or oil, entourage effect: in the context of 

cannabis and hemp, the "entourage effect" suggests 

that terpenoids can enhance the therapeutic effects 

of cannabinoids like tetrahydrocannabinol (THC) 

and cannabidiol (CBD) when used together, 

stability: terpenoids can be sensitive to heat, light, 

and oxygen causing degradation over time, 

regulatory and legal considerations: be aware of the 

legal and regulatory restrictions surrounding 

terpenoids, especially in the context of the cannabis 

industry, purity and quality: to ensure that the 

terpenoids selection are of high quality and free 

from contaminants from reputable suppliers or to 

perform quality control tests, cost: terpenoids can 

vary in price, and budget may influence selection. 

Some rare or exotic terpenoids can be quite 

expensive, while more common ones may be more 

affordable, desired effects: to consider the specific 

effects to achieve. Some terpenoids are more 

energizing and stimulating, while others are more 

calming and sedating, research and testing: to 

conduct research and testing to confirm the 

suitability of selected terpenoids for intended 

application to start with small quantities before 

scaling up production, targeted medicinal effects: to 

evaluate the therapeutic actions to achieve with 

varying properties, such as anti-inflammatory, 

antimicrobial, analgesic, or anti-cancer effects etc, 

safety and toxicity: selected terpenoids should be 

safe for the intended use determining potential side 

effects and toxicity levels to avoid adverse effects at 

high concentrations or in certain particulars, 
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synergistic effects: terpenoids often work in synergy 

with other compounds, such as cannabinoids in the 

case of cannabis to consider whether combining 

specific terpenoids with other compounds might 

enhance the overall therapeutic effect (the entourage 

effect), stability: to evaluate the stability of 

terpenoids in gel is important due to sensitiveness to 

light, heat, or oxidation, affecting their actions over 

time, terpenoids are selected. 

Solubility of terpenoids for gel 

formulation: Selected terpenoids are tested if it is 

soluble or dispersible in gel that determines their 

bioavailability and effectiveness. 

Terpenoids are typically hydrophobic in 

nature repelled by water and may have limited 

solubility in aqueous gels to enhance their solubility 

in gel formulations by using suitable solvents and 

surfactants. Lipophilic ingredients: terpenoids are 

more soluble in lipophilic (oil-based) ingredients 

than in water. Therefore, it's common to use oil-

based gels or incorporate terpenoids into the oil 

phase of a gel formulation, surfactants: surfactants 

can be used to improve the dispersion of terpenoids 

in gel formulations, they can help emulsify the 

terpenoids and keep them evenly distributed within 

the gel, co-solvents: co-solvents, such as ethanol, 

propylene glycol, or glycerin, can be added to the 

gel to enhance the solubility of terpenoids, 

especially if they are partially soluble in water, 

micelle formation: some terpenoids can be 

solubilized using micellar systems, where surfactant 

molecules form micelles that encapsulate the 

terpenoids, making them more soluble, 

nanoemulsions: creating a nanoemulsion can also 

improve the solubility of terpenoids, nanoemulsions 

are thermodynamically stable, transparent or 

translucent dispersions of oil in water (or vice versa) 

with droplet sizes in the nanometer range. 

Concentration of terpenoids for gel 

formulation: Determination of the optimal 

concentration of each terpenoid in the gel creates the 

therapeutic action and safety. 

The concentration of terpenoids in a gel 

formulation can vary widely depending on several 

factors, including the specific terpenoid, the 

intended purpose of the gel, and the compatibility of 

the terpenoid with the other gel components. Here 

are some general guidelines to consider when 

determining the concentration of terpenoids for a gel 

formulation: 

Terpenoid Type: Different terpenoids have 

different potency and solubility characteristics. 

Some terpenoids are more concentrated in their 

natural state, while others may be highly diluted. 

Intended Effect: The concentration of terpenoids in 

the gel may vary based on the intended therapeutic 

or aromatic effect. For instance, to create a gel for 

relaxation or stress relief, there is to use higher 

concentrations of terpenoids known for their 

calming properties, Regulations: Be aware of any 

legal or regulatory limits on the concentration of 

terpenoids in product. Some terpenoids may have 

maximum allowable concentrations in certain 

applications, especially in the context of cannabis or 

hemp products. Solubility: As discussed in the 

previous response, the solubility of terpenoids can 

vary. The concentration may be limited by their 

solubility in the gel or in the solvents used. 

Compatibility: To ensure that the chosen terpenoid 

concentration is compatible with the other 

ingredients in gel formulation, including the base 

gel, solvents, and any other active ingredients. 

Target Audience: To consider the preferences and 

tolerance levels of the target audience. Some 

individuals may prefer lower concentrations for 

milder effects, while others may seek higher 

concentrations for more pronounced results. 

Stability: High concentrations of terpenoids may 

affect the stability and shelf life of the gel. To 

perform stability testing to determine the optimal 

concentration that ensures a reasonable shelf life. 

Dosage Precision: If your gel formulation is 

intended for therapeutic use, you may want to 

ensure that the terpenoid concentration allows for 

precise dosing. This is particularly important in 

medical or wellness products. Customer Feedback 

and Preferences: To consider conducting market 

research or obtaining feedback from potential users 

to gauge their preferences for terpenoid 

concentration in the gel. In many cases, it's 

advisable to start with a lower concentration and 

gradually increase it while monitoring the effects 

and stability. This allows you to find the optimal 

balance between the desired therapeutic or aromatic 

effect and the practical constraints of the 

formulation. Ultimately, the concentration of 

terpenoids in a gel formulation should be carefully 

determined through a combination of scientific 

assessment, regulatory compliance, and market 

considerations. Consulting with a formulation 

chemist or expert in terpenoid-based products can be 

helpful in this process. 

Legal and Regulatory Considerations of 

terpenoids for gel formulation: To test the legal and 

regulatory condition of the selected terpenoids in the 

particular area may be subject to restrictions or 

require legal permits. 

Legal and regulatory considerations for 

formulating gels with terpenoids can vary 

significantly depending on the specific terpenoids, 

their source, and the intended use of the gel. It's 

essential to be aware of and comply with local, 

national, and international regulations. Here are 

some key legal and regulatory considerations: 
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Terpenoid Source: The source of your 

terpenoids is crucial. Terpenoids can be found in a 

variety of plants, including cannabis and hemp. The 

legality of sourcing terpenoids from cannabis or 

hemp depends on the legal status of these plants in 

your jurisdiction. In some places, both cannabis and 

hemp are legal for specific uses, while in others, 

they are tightly regulated or prohibited. Cannabis 

and Hemp Regulations: If your terpenoids are 

sourced from cannabis or hemp, you'll need to 

adhere to the regulations specific to these plants. 

Regulations can vary widely by country, state, or 

region. Be aware of the legal status of cannabis and 

hemp in your area, and ensure compliance with 

cultivation, extraction, and distribution laws. 

Terpenoid Purity: The purity of terpenoids is 

essential. Contaminants, including pesticides, heavy 

metals, and solvents, can be subject to strict 

regulations. To ensure that terpenoids meet purity 

and quality standards, and be prepared to provide 

documentation to regulatory authorities. Maximum 

Concentrations: Some terpenoids may have 

maximum allowable concentrations in specific 

applications, especially in the context of food, 

cosmetics, or pharmaceuticals. Be aware of these 

limits and test your formulations to ensure 

compliance. Labeling and Marketing Claims: 

Regulations often dictate what it can be and cannot 

be claimed on product labels and in marketing 

materials. To avoid making unsubstantiated health 

claims and to ensure that labeling complies with 

relevant laws. Pharmaceutical Regulations: If gel 

formulation is intended for medicinal use, it may be 

subject to pharmaceutical regulations. In this case, it 

is needed to go through a rigorous approval process, 

including clinical trials, to demonstrate safety and 

efficacy. Safety Data: to be prepared to provide 

safety data for your terpenoid-based gel, to include 

toxicity studies, allergen city assessments, and data 

on adverse effects. International Regulations: If it is 

intended to distribute gel internationally, to consider 

the regulations in the target countries. Terpenoid 

regulations can differ significantly from one country 

to another. Intellectual Property: to be aware of any 

patents or trademarks related to terpenoid 

formulation or product, as infringing on intellectual 

property rights can lead to legal challenges. To 

Consult with Legal Experts: to be given the 

complexity of legal and regulatory considerations, 

it's advisable to consult with legal experts or 

regulatory consultants who specialize in the specific 

field and geographic region, it is operating in. They 

can help you navigate the complexities of terpenoid 

regulations. The legal and regulatory landscape for 

terpenoids can change over time, so it's essential to 

stay up-to-date with the latest laws and guidelines. 

As regulations may vary widely, it's crucial to 

conduct thorough research and engage with legal 

professionals to ensure compliance with the specific 

requirements in jurisdiction and for intended use. 

Source and Purity of terpenoids for gel 

formulation: To collect terpenoids from reputable 

suppliers with high purity as impurities may affect 

both safety and dose. 

The source and purity of terpenoids for gel 

formulation are critical factors to consider when 

creating terpenoid-based products. Here's what it is 

needed to know about sourcing and ensuring the 

purity of terpenoids:  

Source of Terpenoids:  

Plant-Derived: Terpenoids can be extracted 

from various plant sources. Common plant sources 

include cannabis, hemp, citrus fruits, conifer trees, 

and more. The choice of source depends on the 

specific terpenoids based on the requirements and 

any legal or regulatory considerations. Synthetic: 

Some terpenoids can be synthesized in a laboratory, 

allowing for precise control over the chemical 

structure and purity. Synthetic terpenoids may be 

used when natural sourcing is limited or when 

specific isomers or enantiomers are needed. Natural 

vs. Artificial: When sourcing terpenoids, it is needed 

to choose between natural terpenoids obtained from 

plant extracts and artificial or semi-synthetic 

terpenoids produced through chemical synthesis. 

Natural terpenoids are often preferred for their 

organic origins, but synthetic options can offer 

greater consistency and purity. 

 

Purity of Terpenoids: 

Quality Control: Whether natural or 

synthetic, terpenoids must undergo rigorous quality 

control and testing to ensure their purity. This 

includes screening for contaminants such as 

solvents, pesticides, heavy metals, and microbial 

contaminants. HPLC or GC Analysis: High-

performance liquid chromatography (HPLC) or gas 

chromatography (GC) analysis can be used to 

determine the terpenoid composition and purity. 

These techniques can identify the presence of 

specific terpenoids and quantify their 

concentrations. Certificates of Analysis (CoA): 

Suppliers of terpenoids should provide Certificates 

of Analysis (CoA) that detail the composition and 

purity of the terpenoids. To Review these 

documents to ensure the terpenoids are meeting 

quality standards. Organic and Non-GMO: If it is 

prioritized organic or non-genetically modified 

(non-GMO) ingredients, to make sure terpenoids to 

meet these criteria. Suppliers may offer organic or 

non-GMO terpenoids. Solvent Residue Testing: To 

ensure that terpenoids are free from solvent residues 

if solvents were used in the extraction or 

purification process. Allergen Testing: For products 
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intended for use on the skin or in cosmetics, to 

consider allergen testing to ensure that the 

terpenoids do not cause skin irritations or allergic 

reactions. Storage and Handling: For proper storage 

and handling are essential to maintain the purity of 

terpenoids. To store them in a cool, dark place, 

away from heat and light, and follow recommended 

storage guidelines from the supplier. Regulatory 

Compliance: To ensure that terpenoids comply with 

relevant regulations for purity and quality, such as 

Good Manufacturing Practices (GMP) if applicable. 

Third-Party Testing: Independent, third-party testing 

can provide additional validation of the terpenoid's 

purity and quality. It's often a good practice to 

request independent testing in addition to the 

supplier's provided CoA. 

When sourcing terpenoids for gel formulation, it is 

chosen a reputable supplier with a track record of 

providing high-quality, pure terpenoids. The source 

and quality of terpenoids will significantly impact 

the efficacy and safety of gel formulation, so 

conducting due diligence in sourcing and ensuring 

purity is crucial. 

Patient Tolerance of terpenoids for gel 

formulation: To consider the tolerance of the 

individuals who will be using the product sensitive 

to specific terpenoids, to select that are well-

tolerated. 

Patient tolerance of terpenoids in gel 

formulations can vary widely depending on several 

factors, including individual sensitivity, the specific 

terpenoids used, and the concentration of terpenoids 

in the formulation. When developing terpenoid-

based gel products, it's essential to consider patient 

tolerance and potential adverse effects. Here are 

some key points to keep in mind: 

Individual Variability: People have varying 

levels of tolerance and sensitivity to terpenoids. 

Some individuals may be highly sensitive to certain 

terpenoids, while others may tolerate them well. To 

consider conducting small-scale user tests to assess 

tolerance in your target audience. Terpenoid Profile: 

The specific terpenoids in gel formulation play a 

significant role in determining patient tolerance. 

Some terpenoids may be better tolerated than others. 

For example, terpenoids like limonene and linalool 

are often considered to be well-tolerated and less 

likely to cause adverse reactions. Concentration: the 

concentration of terpenoids in the gel can impact 

tolerance. Higher concentrations are more likely to 

lead to stronger effects and potentially decrease 

tolerance. To start with lower concentrations and 

carefully monitor any adverse effects when 

formulating products. Route of Administration: The 

route of administration can affect patient tolerance. 

Topical application in the form of a gel is generally 

well-tolerated, but inhalation or ingestion of 

terpenoids can lead to different tolerance profiles. 

Acute vs. Chronic Use: Tolerance can develop with 

chronic use of terpenoids. Over time, the body may 

adapt to the presence of terpenoids, potentially 

requiring higher doses for the same effect. To 

consider the frequency and duration of use when 

assessing tolerance. Allergies and Sensitivities: 

Some individuals may have allergies or sensitivities 

to specific terpenoids. It's crucial to be aware of 

potential allergenic reactions and perform patch 

testing when necessary. Synergy with Other 

Compounds: Terpenoids can interact with other 

compounds, including cannabinoids in the case of 

cannabis products, leading to the entourage effect. 

To consider these interactions when assessing 

tolerance. Labeling and Instructions: To provide 

clear and accurate labeling with usage instructions, 

including any potential side effects or warnings. 

This helps users make informed decisions and 

manage their own tolerance. Monitoring and 

Feedback: To encourage users to provide feedback 

on their experiences with your gel formulation. This 

feedback can be valuable in assessing tolerance and 

making formulation adjustments. Safety and 

Adverse Effects: To be prepared to address potential 

adverse effects and have safety protocols in place. 

Common adverse effects may include skin irritation 

or allergic reactions, which are essential to monitor 

and manage. 

It's important to conduct thorough research, 

safety testing, and consultation with healthcare 

professionals or formulation experts when 

developing terpenoid-based gel formulations to 

ensure they are well-tolerated and safe for users. 

Additionally, staying informed about the latest 

research on terpenoid tolerance and potential 

interactions with other compounds is crucial for 

formulating products that meet the needs of your 

target audience. 

Cost of terpenoids for gel formulation: To 

evaluate the cost of sourcing and incorporating 

specific terpenoids into gel formulation as some 

terpenoids are more expensive than others impacting 

the overall product cost. 

The cost of terpenoids for gel formulation 

can vary significantly based on several factors, 

including the type of terpenoids, their source, purity, 

and quantity. Here are some considerations that can 

impact the cost of terpenoids: Type of Terpenoids: 

Different terpenoids have different costs associated 

with them. Rare or exotic terpenoids, or those with 

high demand for specific therapeutic properties, may 

be more expensive than commonly available ones. 

Source: The source of terpenoids can influence the 

cost. Natural terpenoids extracted from plant sources 

like cannabis, hemp, or other botanicals may be 

more costly than synthetic terpenoids produced in a 
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laboratory. Purity and Quality: Higher-purity 

terpenoids, free from contaminants, solvents, and 

other impurities, are typically more expensive. 

Purity is essential for ensuring safety and efficacy. 

Quantity: The quantity of terpenoids required for gel 

formulation will directly impact the cost. Larger 

quantities will be more expensive. Be sure to 

calculate the exact amount needed for your 

formulation to avoid waste. Sourcing Location: The 

cost of terpenoids can vary depending on where they 

are sourced and the associated production and labor 

costs in that region. Supply chain logistics can also 

impact costs. Regulatory Compliance: Complying 

with regulations, including quality control and 

testing, can add to the cost of terpenoids. Meeting 

regulatory standards is essential for ensuring 

product safety and legality. Market Demand: Market 

demand for specific terpenoids can affect their price. 

High demand for particular terpenoids can drive up 

costs. Bulk Discounts: Some suppliers may offer 

bulk discounts for larger orders. Negotiating with 

suppliers for a volume discount may be an option to 

reduce costs. Supply Chain Considerations: To 

consider factors such as shipping, handling, and 

import/export fees in cost calculations. These can 

significantly impact the overall cost. Sustainability 

and Ethical Sourcing: If sustainability and ethical 

sourcing are priorities, it may be incurred additional 

costs for terpenoids that are sourced using eco-

friendly and ethical practices. To determine the cost 

of terpenoids for your gel formulation, it's essential 

to do the following: 

Research Suppliers: Research and contact 

multiple suppliers to get quotes and compare prices. 

To look for reputable suppliers that provide high-

quality terpenoids. Calculation of   Needs: To 

determine the exact quantity of terpenoids needed 

for formulation. This will help to get accurate 

pricing quotes. To consider Quality: To prioritize 

quality and purity to ensure the safety and 

effectiveness of gel formulation. Budgeting: To 

include the cost of terpenoids in overall budget for 

product development. Negotiate: Don't hesitate to 

negotiate prices with suppliers, especially if these 

are making a substantial purchase. 

Remember that while cost is important, it 

should not be the sole determining factor. Quality, 

purity, and regulatory compliance are crucial 

considerations when selecting terpenoids for gel 

formulation, as they directly impact the safety and 

effectiveness of product. 

Bioavailability of terpenoids for gel 

formulation: To determine the bioavailability of the 

selected terpenoids based on administration (e.g., 

oral, topical, inhalation) how well terpenoids are 

absorbed and utilized by the body. 

The bioavailability of terpenoids in a gel 

formulation refers to the extent and rate at which 

these compounds are absorbed and become 

available for biological activity in the body. 

Bioavailability can be influenced by various factors 

related to the formulation, administration, and the 

properties of terpenoids themselves. Here are some 

key factors that can impact the bioavailability of 

terpenoids in gel formulations: 

 

Terpenoid Properties: The chemical 

structure, lipophilicity (affinity for fats), and 

solubility of terpenoids play a significant role in 

their bioavailability. Some terpenoids may be more 

readily absorbed than others due to their specific 

characteristics. Gel Base Composition: The gel base 

used in the formulation can affect the bioavailability 

of terpenoids. Gels that are water-based or oil-based 

may have different absorption profiles. The 

selection of the gel base should align with the 

solubility and bioavailability of the terpenoids. 

Particle Size: Reducing the particle size of 

terpenoids to a nanoscale through processes like 

nanoemulsification or nanotechnology can enhance 

their bioavailability. Smaller particles can be more 

easily absorbed through biological membranes. 

Emulsifiers and Enhancers: The addition of 

emulsifiers and absorption enhancers in the 

formulation can improve the solubility and 

permeability of terpenoids, increasing their 

bioavailability. These can help terpenoids overcome 

barriers to absorption. Route of Administration: The 

bioavailability of terpenoids can differ based on the 

route of administration. Topical application of a gel 

may have lower systemic bioavailability compared 

to oral or inhalation routes. Skin Permeability: If 

using a gel topically, the bioavailability depends on 

the skin's permeability, which can vary based on 

factors like skin type, location of application, and 

the presence of skin conditions. Metabolism: 

Terpenoids can undergo metabolism in the body, 

which may reduce their bioavailability. The extent 

of metabolism and the formation of active or 

inactive metabolites can vary between terpenoids. 

Coadministration with Other Compounds: The 

presence of other compounds in the gel formulation, 

such as carriers or excipients, can impact the 

bioavailability of terpenoids. For example, some 

compounds may enhance or inhibit absorption. 

Tissue Targeting: The bioavailability can also be 

tissue-specific. Some terpenoids may exhibit a 

higher affinity for specific tissues or organs, 

influencing their distribution and bioavailability in 

those areas. Dosing and Frequency: The dosing 

regimen and frequency of application can impact 

bioavailability. Splitting a dose into multiple smaller 

applications may enhance bioavailability compared 
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to a single large dose. Patient Factors: Individual 

factors, such as genetics, metabolism, age, and 

overall health, can influence the bioavailability of 

terpenoids. Some people may absorb and metabolize 

terpenoids differently than others. Clinical Studies: 

Conducting clinical studies and pharmacokinetic 

assessments can provide valuable data on the 

bioavailability of terpenoids in your specific gel 

formulation, helping to optimize the product for 

desired effects. 

Optimizing the bioavailability of 

terpenoids in a gel formulation may involve various 

formulation and delivery strategies, and it should be 

guided by the specific therapeutic or aromatic goals 

of your product. Consulting with formulation 

experts and conducting bioavailability studies may 

be necessary to achieve the desired effects. 

Research and Scientific Evidence of 

terpenoids for gel formulation: Selection of 

terpenoids on scientific evidence and research 

supports the actions of the selected terpenoids for 

the intended objective. 

Scientific research on terpenoids, 

particularly in the context of gel formulations, is 

ongoing and continually expanding. Terpenoids 

have been the subject of various studies due to their 

potential therapeutic properties and wide-ranging 

applications. Here are some areas of research and 

scientific evidence related to terpenoids in gel 

formulations: 

Topical Application: Many studies have 

explored the use of terpenoids in topical 

formulations, including gels, for their potential anti-

inflammatory, analgesic, and anti-microbial effects. 

Research has examined the use of terpenoids like 

limonene, menthol, and linalool in gels for 

conditions such as skin irritation, pain relief, and 

wound healing. Skin Penetration: Research has 

investigated the ability of terpenoids to penetrate the 

skin when applied topically in gel formulations. 

Factors affecting skin permeability, such as 

terpenoid size, lipophilicity, and formulation 

characteristics, have been studied. Anti-

Inflammatory Effects: Terpenoids such as β-

caryophyllene, α-pinene, and myrcene have shown 

potential anti-inflammatory properties in gel 

formulations, making them candidates for the 

management of skin conditions and localized 

inflammation. Pain Management: Some terpenoids, 

like menthol, have been studied for their analgesic 

properties in gel formulations. They may provide 

relief from musculoskeletal pain or conditions such 

as arthritis. Wound Healing: Research has explored 

the use of terpenoid-rich gels in wound care and 

tissue regeneration. Terpenoids like α-bisabolol, 

found in chamomile, have been investigated for 

their potential in wound healing. Antibacterial and 

Antifungal Activity: Terpenoids have demonstrated 

antibacterial and antifungal properties, making them 

valuable for formulating gels to combat skin 

infections and fungal conditions. Dermal Safety: 

Studies have assessed the dermal safety and 

potential irritancy of terpenoid-containing gels to 

ensure they do not cause adverse skin reactions or 

allergies. Cannabinoid-Terpenoid Interactions: In 

the context of cannabis, research has explored the 

potential synergy between cannabinoids (e.g., CBD, 

THC) and terpenoids (e.g., myrcene, pinene) in gel 

formulations. This is known as the "entourage 

effect," where terpenoids may enhance the effects of 

cannabinoids. Transdermal Delivery: Research has 

examined the feasibility of using terpenoid-

containing gels for transdermal drug delivery, 

potentially improving the absorption of therapeutic 

compounds through the skin. Cosmetic and 

Fragrance Formulations: Terpenoids have found 

applications in cosmetic and fragrance products. 

Research has explored their use in gel-based 

formulations for perfumes, skincare, and 

aromatherapy. 

It's important to note that the efficacy and 

safety of terpenoid-containing gel formulations can 

vary based on the specific terpenoid, its 

concentration, the formulation matrix, and the 

intended use. As the field of terpenoid research 

continues to evolve, it's essential to stay informed 

about the latest studies and clinical trials to make 

informed decisions when formulating gel products. 

Consulting with experts in pharmacology, 

cosmetology, or pharmaceuticals can provide 

valuable insights and guidance in this area. 

Gel Formulation: Gel formulation involves 

creating a stable and effective gel-based product 

used for different purposes, such as topical 

applications in medicine, cosmetics, or other 

industries to outline of the steps involved in gel 

formulation: 

To determine the specific objective of the gel e.g., 

medicinal, cosmetic, industrial to identify the target 

audience or patients for Selection of Gel Base: To 

select a suitable gel base or vehicle.  

- Water-based gels (hydrogels) 

- Oil-based gels (oleogels) 

- Silicone-based gels 

- Poloxamer (Pluronic) gels 

- Carbomer gels 

 The choice of base depends on the intended 

application and the properties of the active 

ingredients. 

Active Ingredient Selection: If the gel formulation 

was developed with active ingredients e.g., 

terpenoids for medicinal purposes, then to select 

them based on desired therapeutic effects. 
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Compatibility Testing: To determine that the active 

ingredients if it is compatible with the selected gel 

base to avoid phase separation or chemical reactions 

affecting the stability of the product. 

Formulation Development: To make a compound 

gel with gel base and active ingredients and with 

any necessary additives e.g., preservatives, 

stabilizers, emollients, colorants in definite correct 

concentrations to evaluate the formulation is 

homogeneous. 

 pH Adjustment: To adjust the pH of the gel to a 

range of 4 to 7.  

Rheology Modification: To modify the rheology of 

the gel to achieve the desired consistency and 

viscosity by adding thickeners or gelling agents. 

Sterilization and Preservation: Depending on the 

application, to sterilize the gel to evaluate its safety 

and prevent microbial contamination by adding 

appropriate preservatives to balance product shelf 

life. 

Quality Control Testing: To Perform quality control 

tests to ensure the product meets specifications for 

appearance, consistency, pH, viscosity, and 

microbial contamination. 

Packaging and Labeling: To select suitable 

packaging materials that are compatible with the gel 

and its intended use. To Label the product with all 

necessary information, including the ingredients, 

directions for use, warnings, and any required 

regulatory information. 

Stability Testing: To conduct stability studies to 

assess the shelf life and performance of the gel 

under various storage conditions (e.g., temperature, 

humidity). 

Regulatory Compliance: To ensure that the gel 

formulation complies with any relevant regulations 

and standards, depending on its use and the region 

where it will be marketed. 

Documentation: To maintain comprehensive 

documentation of the formulation and testing 

processes for quality control and regulatory 

purposes. 

Product Launch: Once the gel formulation has been 

successfully developed, tested, and meets all 

regulatory requirements, it can be launched for 

commercial use. 

Terpenoid Extraction: To Isolate and purify the 

chosen terpenoids from natural sources or obtain 

them from reputable suppliers. 

Terpenoid extraction is the process of isolating 

terpenoids from natural sources, such as plants, for 

various applications, including medicinal, cosmetic, 

and industrial uses. The choice of extraction method 

depends on factors such as the type of source 

material, the specific terpenoids of interest, and the 

intended application. Here are some common 

methods for terpenoid extraction: 

Steam Distillation: Steam distillation is a popular 

method for extracting essential oils, which often 

contains terpenoids. In this method, steam is passed 

through the plant material, causing the terpenoids to 

vaporize. The vapor is then condensed and collected 

as the essential oil. 

Solvent Extraction: Solvent extraction involves the 

use of organic solvents (e.g. ethanol, hexane) to 

dissolve and extract terpenoids from the plant 

material. The solvent is then evaporated to leave 

behind a concentrated terpenoid extract. This 

method is versatile and can be used for a wide range 

of plant sources. 

Supercritical Fluid Extraction: Supercritical fluid 

extraction uses supercritical carbon dioxide (CO2) 

as the solvent. CO2 is heated and pressurized to a 

state between a gas and a liquid, making it an 

effective solvent for extracting terpenoids. This 

method is considered safe and efficient. 

Cold Pressing: Cold pressing is often used for citrus 

fruits to extract essential oils rich in terpenoids. In 

this method, mechanical pressure is applied to the 

fruit peels, releasing the oils, which are then 

separated from the juice. 

Microwave-Assisted Extraction: Microwave-

assisted extraction is a relatively new technique that 

uses microwave energy to heat and extract 

terpenoids from plant material. It can be a faster and 

more efficient method compared to traditional 

solvent extraction. 

Enfleurage: Enfleurage is a traditional method used 

to extract fragrant terpenoids, especially from 

delicate flowers. Petals are placed on a layer of 

odorless fat (e.g., animal fat or vegetable oil), which 

absorbs the terpenoids over time. 

Hydrodistillation: Hydrodistillation is a variation of 

steam distillation where water is used as the solvent, 

making it suitable for extracting terpenoids from 

aromatic plants and herbs. 

Solid-Phase Microextraction (SPME): SPME is a 

modern technique used for terpenoid extraction, 

particularly for analytical purposes. A fiber coated 

with an adsorbent material is exposed to the sample, 

allowing terpenoids to adsorb onto the fiber for 

subsequent analysis. 

Ultrasound-Assisted Extraction: Ultrasound-assisted 

extraction uses high-frequency sound waves to 

disrupt cell walls and facilitate the release of 

terpenoids from plant material. 

The choice of extraction method should take into 

account factors such as the target terpenoids, the 

source material, the desired purity, and the safety 

and environmental considerations. Once the 

terpenoids are extracted, they can be further 

processed, purified, and incorporated into various 

formulations or products for specific applications. 
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Evaluating the anti-plasmodial action of a gel 

formulation is essential for assessing its 

effectiveness in combating malaria, a disease caused 

by the Plasmodium parasite. Here are common 

methods and tests for assessing the anti-plasmodial 

properties of gels: 

In Vitro Tests: 

Schizont Maturation Inhibition Assay: This 

assay uses cultured Plasmodium parasites, typically 

Plasmodium falciparum, which is responsible for 

most malaria cases. The gel is incubated with the 

parasites, and the inhibition of schizont (a stage in 

the parasite life cycle) maturation is assessed. 

Growth Inhibition Assays: The gel is tested against 

Plasmodium parasites to determine its ability to 

inhibit the growth and replication of the parasites. 

Common assays include the SYBR Green I assay or 

the lactate dehydrogenase (LDH) assay. 

Cytotoxicity Assays: To ensure that the gel does not 

exert cytotoxic effects on host cells, such as red 

blood cells, in addition to its anti-plasmodial 

activity. The hemolysis assay or MTT assay can 

assess cytotoxicity. Drug Combination Assays: To 

assess the potential synergistic effects of the gel in 

combination with existing anti-malarial drugs, such 

as artemisinin-based compounds. Drug combination 

studies can help identify enhanced anti-plasmodial 

activity. 

 

 

In Vivo Tests: 

Animal Models: In vivo experiments using 

animal models infected with Plasmodium species 

are used to assess the anti-plasmodial efficacy of the 

gel. Mouse models or non-human primate models 

may be employed. Parasitemia Reduction: 

Parasitemia, the presence of parasites in the 

bloodstream, is monitored in animals after gel 

treatment. A reduction in parasitemia indicates the 

gel's anti-plasmodial activity. Survival Studies: To 

evaluate the survival rate of infected animals treated 

with the gel. An increase in survival rates suggests 

the gel's effectiveness in controlling the infection. 

Histological Analysis: Tissues from animal models 

can be examined histologically to assess the extent 

of parasite presence, damage to organs, and the gel's 

effects on tissue pathology. Clinical Trials: If the gel 

is intended for human use, clinical trials are 

essential to assess its anti-plasmodial efficacy and 

safety in individuals with malaria. 

It's essential to conduct these tests under 

controlled conditions, following ethical and 

regulatory guidelines. Collaboration with experts in 

parasitology and malaria research is advisable for 

accurate testing and interpretation of results. 

Additionally, considering the complex life cycle of 

Plasmodium parasites, assessing the gel's effects on 

different stages of the parasite's life cycle is crucial 

for comprehensive anti-plasmodial evaluation. 

Testing the anti-cancer activity of a gel 

formulation typically involves a series of in vitro 

and in vivo experiments to assess the formulation's 

effectiveness in inhibiting or killing cancer cells. 

The specific tests and assays used can vary 

depending on the type of cancer, the active 

ingredients in the gel, and the research objectives. 

Here are some common tests and assays for 

evaluating the anti-cancer activity of gels: 

In Vitro Tests: 

Cell Viability Assays: These tests measure 

the survival and proliferation of cancer cells treated 

with the gel. Common assays include the MTT 

assay, MTS assay, or the Alamar Blue assay. A 

decrease in cell viability indicates potential anti-

cancer activity. Cell Apoptosis Assays: To assess 

whether the gel induces apoptosis (programmed cell 

death) in cancer cells. This can be done using assays 

such as flow cytometry with annexin V/propidium 

iodide staining. Cell Cycle Analysis: To determine 

if the gel causes cell cycle arrest in cancer cells. 

Flow cytometry can be used to analyze the 

distribution of cells in different phases of the cell 

cycle. Clonogenic Assay: To evaluate the ability of 

cancer cells to form colonies after exposure to the 

gel. A decrease in colony formation indicates 

potential anti-cancer effects. Cell Migration and 

Invasion Assays: To assess the gel's impact on 

cancer cell migration and invasion, which are 

critical in cancer metastasis. Common assays 

include scratch assays and Boyden chamber assays. 

Molecular Marker Analysis: To measure changes in 

the expression of specific cancer-related genes, 

proteins, or markers using techniques like Western 

blotting, qPCR, or immunohistochemistry. 

 

In Vivo Tests: 

Xenograft Models: Transplant cancer cells 

into mice or other animal models and apply the gel 

topically or through injections to assess its effects 

on tumor growth and regression. Orthotopic Models: 

In these models, tumors are implanted in 

anatomically correct locations within the animal's 

body to mimic the clinical scenario more closely. 

The gel can be applied to these tumors for testing. 

Metastasis Models: To evaluate whether the gel 

formulation can inhibit cancer metastasis by using 

models where cancer cells are introduced into 

secondary sites in animals. Imaging Studies: To 

Utilize imaging techniques like positron emission 

tomography (PET), magnetic resonance imaging 

(MRI), or bioluminescent imaging to visualize the 

effects of the gel on tumor growth and metastasis in 

live animals. Histopathological Analysis: To 

examine the tissues and tumors from animal models 
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for changes in histology, apoptosis, angiogenesis, 

and other cancer-related features. Survival Studies: 

To monitor the overall survival of animals treated 

with the gel and compare it to untreated controls. 

Pharmacokinetics and Pharmacodynamics: To 

assess the absorption, distribution, metabolism, and 

excretion of the gel's active ingredients within the 

animal model to better understand their 

pharmacokinetic and pharmacodynamic profiles. 

It's important to conduct these tests 

following ethical and regulatory guidelines, 

including obtaining necessary approvals from 

animal ethics committees for in vivo studies. 

Additionally, interpretation of the results should 

consider the specific cancer type and the mode of 

action of the gel's active ingredients. Collaborating 

with researchers experienced in cancer biology and 

preclinical testing can help ensure the tests are 

conducted effectively and accurately. 

Testing the antimicrobial activity of a gel 

formulation is essential to determine its 

effectiveness in inhibiting or killing 

microorganisms, including bacteria, fungi, and 

sometimes viruses. Here are common laboratory 

tests and assays for evaluating the antimicrobial 

activity of gels: 

Zone of Inhibition Test (Kirby-Bauer 

Method): This test assesses the gel's ability to inhibit 

the growth of microorganisms. It involves applying 

a standardized inoculum of microorganisms 

(commonly bacteria) on an agar plate and then 

adding the gel to the surface. The diameter of the 

clear zone (zone of inhibition) around the gel 

indicates its antimicrobial activity. A larger zone 

suggests stronger antimicrobial properties. 

Minimum Inhibitory Concentration (MIC) Test: The 

MIC test determines the lowest concentration of the 

gel at which microbial growth is inhibited. Various 

microorganisms can be tested against different 

concentrations of the gel to determine its 

effectiveness. Minimum Bactericidal/Fungicidal 

Concentration (MBC/MFC) Test: This test 

determines the lowest concentration of the gel at 

which the microbial cells are killed, rather than 

merely inhibited. It is often used to assess the 

bactericidal or fungicidal properties of the gel. 

Time-Kill Kinetics: Time-kill assays involve 

exposing microorganisms to the gel for specified 

time intervals and then measuring the reduction in 

microbial populations over time. This test provides 

information on the gel's rate of antimicrobial action. 

Disk Diffusion Test: Similar to the zone of 

inhibition test, the disk diffusion test uses filter 

paper disks impregnated with the gel. These disks 

are placed on an agar plate inoculated with 

microorganisms. The resulting zone of inhibition is 

measured to assess antimicrobial activity. 

Microdilution Test: This test evaluates the 

antimicrobial activity of the gel using microtiter 

plates. Serial dilutions of the gel are prepared, and 

microorganisms are added to each well. The MIC is 

determined as the lowest gel concentration at which 

microbial growth is inhibited. Biofilm Inhibition and 

Eradication Assays: If gel is intended for use against 

biofilm-forming microorganisms, specialized assays 

can evaluate its ability to prevent biofilm formation 

and eradicate established biofilms. Antiviral Assays: 

If these are testing the antiviral activity of the gel, 

there would be used appropriate cell lines and 

viruses to assess its efficacy against viral infections. 

Cytopathic effect inhibition assays or viral plaque 

reduction assays are commonly used. Antifungal 

Susceptibility Testing: For fungal infections, it can 

be used standardized methods such as the Clinical 

and Laboratory Standards Institute (CLSI) or 

European Committee on Antimicrobial 

Susceptibility Testing (EUCAST) protocols to 

determine susceptibility to antifungal agents, 

including gels. Molecular and Genetic Assays: 

These assays can provide insights into the 

mechanism of action and resistance mechanisms of 

the gel. For example, polymerase chain reaction 

(PCR) and gene expression analysis can help 

understand how the gel affects microbial cells. 

It's important to conduct these tests under 

controlled laboratory conditions, following 

established guidelines and protocols. The choice of 

microorganisms to test should be relevant to the 

intended use of the gel. Additionally, regulatory and 

ethical considerations, especially when using 

pathogenic microorganisms, should be taken into 

account. Collaborating with experts in microbiology 

and infectious disease is advisable for accurate 

testing and interpretation of results. 

An antihyperglycemic test for a gel 

formulation is used to evaluate its potential to 

reduce elevated blood glucose levels, making it a 

valuable test in the context of managing conditions 

like diabetes. Here are some common methods and 

tests for assessing the antihyperglycemic activity of 

gels: 

Oral Glucose Tolerance Test (OGTT): This 

test is often conducted in animal models, such as 

rodents. Animals are fasted, and then glucose is 

administered orally. The gel is then administered 

either before or after glucose to assess its impact on 

blood glucose levels. Frequent blood samples are 

taken to measure glucose concentrations over time. 

Intraperitoneal Glucose Tolerance Test (IPGTT): 

Similar to the OGTT, this test is performed in 

animal models by administering glucose 

intraperitoneally. The gel is given to the animals, 

and blood glucose levels are monitored. Insulin 

Tolerance Test (ITT): This test evaluates the 
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sensitivity of cells to insulin. The gel is administered 

to animal models, and insulin is injected to induce 

hypoglycemia. The response of blood glucose levels 

is then monitored. Pancreatic Islet Isolation: In vitro 

studies may involve isolating pancreatic islets and 

incubating them with the gel to evaluate its effects 

on insulin secretion and glucose metabolism. GLP-1 

and GLP-1 Receptor Assays: Glucagon-like peptide-

1 (GLP-1) is an incretin hormone that plays a role in 

regulating blood glucose. Tests can assess the 

impact of the gel on GLP-1 secretion or GLP-1 

receptor activation. Glucose Uptake Assays: In cell 

culture models, the effect of the gel on glucose 

uptake by cells, particularly muscle and adipose 

tissue cells, can be assessed using radioactive or 

fluorescent glucose analogs. Inhibition of Alpha-

Amylase and Alpha-Glucosidase: Some gels may 

contain compounds that inhibit alpha-amylase and 

alpha-glucosidase enzymes, which are involved in 

carbohydrate digestion. Inhibitory activity can be 

measured in vitro. Molecular and Genetic Assays: 

To evaluate changes in gene expression, protein 

expression, or signaling pathways related to glucose 

metabolism and insulin sensitivity. Techniques such 

as PCR and western blotting may be used. 

Assessment of Oxidative Stress: High blood glucose 

levels can lead to oxidative stress. Assays measuring 

oxidative stress markers like reactive oxygen 

species (ROS) and antioxidant enzymes can provide 

insight into the gel's effects. Long-Term In Vivo 

Studies: To assess the sustained effects of the gel on 

blood glucose control, long-term studies in animal 

models may be conducted. This can help determine 

whether the gel has lasting antihyperglycemic 

effects. Clinical Trials: If the gel is intended for 

human use, clinical trials are essential to assess its 

efficacy and safety in individuals with 

hyperglycemia or diabetes. 

It's important to conduct these tests under 

controlled conditions, following ethical and 

regulatory guidelines. The choice of test may 

depend on whether you are conducting preliminary 

in vitro or animal studies or more advanced clinical 

trials in humans. Collaboration with experts in 

diabetes research and endocrinology is advisable for 

accurate testing and interpretation of results. 

Evaluating the analgesic action of a gel 

formulation is essential to determine its 

effectiveness in relieving pain, making it a crucial 

test for pharmaceuticals, medical devices, or over-

the-counter products. Here are common methods 

and tests for assessing the analgesic properties of 

gels: 

 

Hot Plate Test: This test is conducted in 

animals, usually rodents. The animal is placed on a 

hot plate, and the gel is applied topically to the site 

of pain. The time it takes for the animal to react to 

the heat (i.e., lift its paw) is measured. An effective 

analgesic gel will increase the pain threshold, 

resulting in a longer reaction time. Tail Flick Test: 

Similar to the hot plate test, the tail flick test 

assesses the response of animals to a thermal 

stimulus. The tail of the animal is exposed to heat, 

and the time taken for the animal to withdraw its tail 

is recorded. Formalin Test: This test involves 

injecting formalin into the paw of the animal, which 

induces a biphasic pain response. The gel is applied 

to the paw, and the time spent licking, biting, or 

flinching the paw is measured. Writhing Test: The 

writhing test is performed in rodents by inducing 

abdominal contractions with acetic acid. The gel is 

administered, and the number of writhes or 

abdominal contractions is recorded. Pressure Pain 

Threshold Test: In humans, the pressure pain 

threshold can be measured using a pressure 

algometer. The gel is applied to the painful area, and 

the pressure required to induce pain is determined 

before and after gel application. Clinical Pain 

Scales: In human clinical trials, participants may be 

asked to rate their pain using standardized pain 

scales (e.g., visual analog scale or numerical rating 

scale) before and after applying the gel. 

Inflammatory Pain Models: In models of 

inflammation, such as the carrageenan-induced paw 

edema model, the gel can be applied to the inflamed 

site, and changes in pain sensitivity or paw edema 

are measured. Neuropathic Pain Models: In animal 

models of neuropathic pain, the gel can be applied 

to assess its effectiveness in reducing pain behaviors 

associated with nerve injury. Molecular and Genetic 

Assays: To evaluate changes in gene expression, 

protein expression, or signaling pathways related to 

pain and analgesia. Techniques such as PCR and 

western blotting may be used. Long-Term In Vivo 

Studies: For chronic pain conditions, long-term 

studies in animal models or humans may be 

conducted to assess the sustained analgesic effects 

of the gel. Clinical Trials: If the gel is intended for 

human use, clinical trials are essential to assess its 

efficacy and safety in individuals with pain 

conditions. 

It's important to conduct these tests under controlled 

conditions, following ethical and regulatory 

guidelines. The choice of test may depend on 

whether you are conducting preliminary preclinical 

studies or more advanced clinical trials. 

Collaboration with experts in pain management and 

analgesia research is advisable for accurate testing 

and interpretation of results. 

Evaluating the anti-inflammatory action of a gel 

formulation is crucial for assessing its effectiveness 

in reducing inflammation. Here are common 
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methods and tests for assessing the anti-

inflammatory properties of gels: 

In Vitro Tests: 

Cell Culture Assays: In cell culture models, immune 

cells, such as macrophages or neutrophils, can be 

exposed to inflammatory stimuli like 

lipopolysaccharides (LPS) or cytokines to induce 

inflammation. The gel is then applied, and the 

release of pro-inflammatory cytokines, such as 

TNF-α and IL-6, is measured. Reduction in cytokine 

release indicates anti-inflammatory activity. 

Inhibition of Enzymes: Some gels may contain 

active compounds that inhibit pro-inflammatory 

enzymes like cyclooxygenase (COX) and 

lipoxygenase (LOX). Enzyme inhibition assays 

assess the ability of the gel to inhibit these enzymes 

in vitro. NF-κB Activity Assay: The nuclear factor-

kappa B (NF-κB) pathway plays a significant role in 

inflammation. In cell culture, the gel's impact on 

NF-κB activation can be assessed using luciferase 

reporter gene assays. ROS Scavenging Assays: 

Some gels may possess antioxidant properties that 

can help reduce reactive oxygen species (ROS) 

production, which is associated with inflammation. 

ROS scavenging assays measure the gel's ability to 

neutralize ROS. Molecular and Genetic Assays: To 

evaluate changes in gene expression, protein 

expression, or signaling pathways related to 

inflammation and anti-inflammatory action. 

Techniques such as PCR, ELISA, and Western 

blotting may be used. 

 

In Vivo Tests: 

Carrageenan-Induced Paw Edema: In 

animal models, inflammation can be induced by 

injecting carrageenan into the paw. The gel is 

applied topically, and the change in paw swelling or 

edema is measured over time. Xylene-Induced Ear 

Edema: Xylene-induced ear edema tests involve 

applying xylene to the ear of an animal, resulting in 

inflammation. The gel is applied topically, and the 

reduction in ear edema is assessed. Arthritis Models: 

Animal models of arthritis, such as adjuvant-

induced or collagen-induced arthritis, can be used to 

assess the gel's effectiveness in reducing joint 

inflammation and pain. Histological Analysis: 

Tissues from animal models can be examined 

histologically to assess the extent of inflammation, 

immune cell infiltration, and tissue damage. This 

provides insight into the gel's effects on tissue 

inflammation. Clinical Trials: If the gel is intended 

for human use, clinical trials are essential to assess 

its anti-inflammatory efficacy and safety in 

individuals with inflammatory conditions. 

It's important to conduct these tests 

following ethical and regulatory guidelines, whether 

in vitro or in animal models. The choice of test may 

depend on the type of inflammation (acute or 

chronic) and the intended use of the gel. 

Collaborating with experts in immunology, 

inflammation, and pharmacology is advisable for 

accurate testing and interpretation of results. 

Assessing the antiparasitic action of a gel 

formulation is crucial for determining its 

effectiveness in combating parasitic infections. The 

specific tests and assays used can vary depending on 

the type of parasite, the mode of infection, and the 

research objectives. Here are common methods and 

tests for evaluating the antiparasitic properties of 

gels: 

 

In Vitro Tests: 

Cultured Parasites: For parasitic infections, 

you can use cultured parasites relevant to the target 

species. The gel is added to the parasite culture, and 

its effect on parasite growth, viability, or 

reproduction is assessed. Cell Viability Assays: In 

some cases, host cells may be infected by parasites. 

The gel can be tested in cell culture models to 

evaluate its impact on the viability of both host cells 

and parasites. Common assays include the MTT 

assay or trypan blue exclusion. Egg Hatching 

Inhibition: For helminth parasites like nematodes, 

the gel can be tested for its ability to inhibit the 

hatching of parasite eggs. This is commonly done by 

incubating eggs with the gel and assessing hatching 

rates. Molecular Assays: To assess the gel's impact 

on parasite gene expression, protein expression, or 

metabolic pathways. Techniques like PCR, Western 

blotting, and enzyme activity assays can be used. 

 

In Vivo Tests: 

Animal Models: In vivo experiments using 

animal models infected with the target parasite can 

help assess the gel's antiparasitic efficacy. Animal 

models can include rodents, livestock, or specific 

hosts relevant to the parasite. Parasite Burden 

Reduction: To assess the reduction in parasite 

burden in animals after gel treatment. This may 

involve counting or quantifying parasites in specific 

tissues or body fluids. Survival Studies: To evaluate 

the survival rate of infected animals treated with the 

gel. Improved survival rates indicate the gel's 

effectiveness in controlling the infection. 

Histological Analysis: To examine tissues and 

organs from animal models to assess the extent of 

parasite presence, tissue damage, and the gel's 

effects on tissue pathology. Clinical Trials: If the gel 

is intended for human use, clinical trials are 

essential to assess its antiparasitic efficacy and 

safety in individuals with parasitic infections. 

It's important to conduct these tests under 

controlled conditions, following ethical and 

regulatory guidelines. The choice of test may 
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depend on the type of parasite and the intended use 

of the gel. Collaboration with experts in 

parasitology and infectious diseases is advisable for 

accurate testing and interpretation of results. 

Additionally, for antiparasitic evaluations, 

considering the life cycle and mode of infection of 

the target parasite is crucial for comprehensive 

assessment. 

 

IV. Result and Discussion 

The discussion surrounding the medicinal 

values of terpenoids often emphasizes the potential 

benefits of natural compounds derived from plants. 

These compounds may offer a source of novel 

pharmaceutical agents for the treatment of various 

diseases and health conditions. However, it's 

important to note that while terpenoids show 

promise in preclinical studies and in vitro 

experiments, further research, including clinical 

trials, is necessary to establish their safety and 

efficacy in clinical settings. The use of terpenoids in 

medicinal applications also raises considerations 

regarding formulation, dosage, and delivery 

methods to maximize their therapeutic effects and 

minimize potential side effects. Collaboration 

between researchers, pharmacologists, and 

healthcare professionals is essential for translating 

the medicinal potential of terpenoids into practical 

healthcare solutions. Formulating a gel with 

terpenoids for a multi-purpose therapeutic 

application that includes anti-cancer, anti-microbial, 

anti-fungal, anti-viral, anti-hyperglycemic, 

analgesic, anti-inflammatory, anti-plasmodial, and 

anti-parasitic properties is a complex and 

multifaceted task. Collaboration with experts in 

pharmaceutical formulation, pharmacology, and 

regulatory affairs is crucial throughout the process. 

The formulation and evaluation of a multifunctional 

gel involving terpenoids for such diverse therapeutic 

applications require careful planning and rigorous 

testing to ensure safety and efficacy. 

 

V. Conclusion 

The formulation and evaluation of a 

multifunctional gel containing terpenoids with the 

potential to act as a cluster of novel pharmaceutical 

agents is a complex and promising endeavor. This 

versatile gel, designed to address a range of health 

concerns, holds great therapeutic potential across 

multiple medical domains, as highlighted by its anti-

cancer, anti-microbial, anti-fungal, anti-viral, anti-

hyperglycemic, analgesic, anti-inflammatory, anti-

plasmodial, and anti-parasitic properties. In 

conclusion, the development of such a gel can be 

summarized as follows:  

Diverse Therapeutic Applications: The 

gel's multifunctional nature offers a unique approach 

to addressing various health concerns. The 

terpenoids it contains demonstrate potential in 

diverse areas, making it a versatile candidate for 

novel pharmaceutical formulations. Natural and 

Safe Compounds: Terpenoids are natural 

compounds often derived from plant sources. Their 

long history of safe use and relatively low toxicity 

profiles make them attractive candidates for 

pharmaceutical applications. Synergistic and 

Complementary Effects: The combination of 

multiple terpenoids in a single formulation may 

result in synergistic and complementary effects, 

enhancing the gel's overall therapeutic potential. 

This can be particularly beneficial in addressing 

complex conditions and co-infections. Preclinical 

and Clinical Potential: The gel should undergo 

rigorous preclinical and clinical evaluation to 

ascertain its safety and efficacy in humans. This 

involves a series of in vitro and in vivo studies to 

assess its therapeutic properties and safety profile. 

Customization and Targeted Formulation: The gel's 

composition can be customized to meet the specific 

needs of different patient populations and medical 

conditions. Tailoring the concentration of terpenoids 

allows for the optimization of therapeutic effects. 

Translational Medicine: The development of this gel 

represents an important step in translational 

medicine, where promising natural compounds are 

transformed into practical healthcare solutions with 

the potential to improve patient outcomes. 

Regulatory Compliance: Regulatory guidelines must 

be adhered to at every stage, ensuring that the gel 

complies with safety, efficacy, and quality 

standards. Future Directions: As a cluster of novel 

pharmaceutical agents, this gel holds the potential to 

address emerging healthcare challenges and unmet 

medical needs. Its multifaceted nature opens the 

door to innovative approaches to managing complex 

diseases. Interdisciplinary Collaboration: The 

formulation and evaluation of this gel necessitate 

collaboration among researchers, pharmacologists, 

healthcare professionals, and regulatory experts. The 

convergence of diverse expertise is vital for its 

successful development. In summary, the 

formulation and evaluation of an innovative gel 

containing terpenoids with multifunctional 

therapeutic properties is a promising step in the field 

of pharmaceutical research. The gel's potential to 

address a wide range of health conditions makes it a 

compelling candidate for further investigation, with 

the ultimate goal of improving patient care and 

expanding the repertoire of therapeutic options in 

modern medicine. 
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